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Abstract As sea level rise and human activities
erode coastal wetlands, managers rebuild or preserve
wetlands that can perform the ecosystem services of a
natural system. One increasingly common mitigation
activity is the construction of rock sills in the low
marsh zone to stabilize marsh elevation. Sills dra-
matically alter the physical structure of marshes by
changing elevation, adding hard substrate and poten-
tially altering the spatial structure of benthic algal
communities in and adjacent to the low marsh. We
documented differences in benthic algal abundance at
the seaward marsh edge in silled and unsilled marshes
in North Carolina. We found that sills were associ-
ated with reduced standing stocks of benthic algal
primary production and reduced macroalgal taxo-
nomic richness, and this difference was driven
primarily by differences in macroalgal abundance.
We experimentally tested the effect of macroalgal
abundance on cordgrass (Spartina alterniflora)
growth in the low zone of an unmanipulated marsh,
and found that macroalgal removal had no effect on
final cordgrass abundance. Our study suggests that
salt marsh management through the construction of
sills in low marsh zones impacts benthic primary
production in the low marsh zone, but that benthic
algal production does not affect cordgrass growth
over a growing season.
Keywords Salt marsh  North Carolina  Benthic
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Introduction
In the mid-Atlantic region of the U.S., the rate of sea
level rise over the past century (2.4–4.4 mm/year)
exceeded the global average rate of 1.7 mm/year,
affecting the elevation, function and distribution of
shoreline habitats as well as restoration projects
(Nixon 1980; Warren and Niering 1993; Donnelly
and Bertness 2001; CCSP 2009). An increasingly
common management response to sea level rise is to
construct hard structures to protect shrinking shore-
line habitats (Benoit et al. 2007). These projects
attempt to accommodate tidal marshes while also
stabilizing shorelines, but the full effects of installed
structures on the structure and function of coastal
ecosystems are not well understood.
One shoreline erosion management method is the
construction of a ‘living shoreline’, which is built
behind a hard substrate such as a rock sill installed
seaward of a marsh (Hershner et al. 2006; Benoit
et al. 2007). The area behind the sill is then backfilled
with sediment and marsh cordgrass (Spartina alter-
niflora) is planted. The extent to which such restored
and stabilized marshes achieve ecosystem function of
natural marshes is beginning to be evaluated (Currin
et al. 2008). Some ecosystem properties such as
marsh grass density and fish abundance return fairly
quickly to levels similar to natural marshes, but
accretion rates and other biogeochemical processes
such as soil nitrogen storage may take longer (Piehler
et al. 1998; Currin et al. 2008). One of the most
important metrics of ecosystem function is standing
stocks of primary producers (benthic micro- and
macroalgae and marsh grass), though effects of sills
on benthic algal primary producers have yet to be
examined.
In the low marsh zone and the subtidal adjacent
sand and mud flats, the main primary producer
functional groups are benthic macro- and micro-algae
and marsh grass. Benthic algal primary producers
contribute to subtidal and marsh carbon and nutrient
cycling (Osgood and Zieman 1993; Valiela et al.
1997; Piehler et al. 1998; Boyer and Fong 2005;
Sundback and McGlathery 2005); primary production
by benthic micro-algae in this zone typically ranges
from 50 to 300 mg C m-2 year-1, which is of the
same magnitude as phytoplankton production in
estuarine waters, and both macro- and micro-algae
contribute significantly to total primary production in
shallow estuarine waters (Sundback and McGlathery
2005). Benthic algae are vulnerable to changes in
marsh elevation, hydrology and associated soil prop-
erties, and changes in the location and abundance of
macroalgae could have cascading effects on second-
ary productivity (Hauxwell et al. 1998) and nutrient
supply to low marsh plants (Boyer and Fong 2005).
Despite the importance of benthic primary pro-
ducers, the consequences of disruption or enhance-
ment of algal growth in low marsh zones for
cordgrass growth and abundance in North Carolina
estuaries have not been explored. We conducted field
surveys and a manipulative experiment to address
two questions in North Carolina coastal marshes: (1)
Has artificial shoreline stabilization altered the abun-
dance of benthic primary producers in the low marsh
zone? (2) What are the implications of changing
macroalgal abundance for cordgrass growth, flower-




Bogue Sound is a temperate, shallow sound with very
short residence time and virtually no river inputs.
Similar to other well-flushed coastal sounds, nutrient
levels remain relatively low in spite of recent
development of the watershed (O’Connor et al.
2009). There is some evidence that current nitrate
concentrations exceed levels observed several dec-
ades ago (Micheli et al. 2008), suggesting some
deterioration in water quality, but the lack of long-
term records leaves this trend inconclusive. In
response to rising sea levels, rock sills have been
installed in Bogue Sound marshes since 1998 (Currin
et al. 2008).
We studied primary producer abundance at two
sites with stabilization projects (hereafter, ‘silled
marshes’) adjacent to shorelines with no stabilization
projects (hereafter, ‘natural marshes’). The sills we
studied were constructed by installing large rocks
parallel to the shoreline in the low marsh zone. Sills
are approximately 2 m wide at the base, and rise
about 1 m above the sand. When constructed, the area
behind the sills is frequently backfilled with sediment
and planted with marsh grass.
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The sills we studied were built within the last
decade: the Pine Knoll Shores (PKS, at 34.7011N–
76.8319W) project was finished in 2001 and
Harker’s Island (HI, 34.7117N–76.5661W) in
2004. The Pine Knoll Shores sill is located on the
northern side of Bogue Banks. The 100-m sill was
installed by The North Carolina Coastal Federation,
and was planted with S. alterniflora and S. patens
behind the sill to supplement the significant existing
vegetation (Currin et al. 2008). The Harkers Island
Sill is 125 m and was planted with S. alterniflora
(Bonnie Bendell, NC Division of Coastal Manage-
ment—Personal communication). The marshes in this
study have wave energy exposure representative of
fringing marshes in coastal North Carolina (Mark
Fonseca, NOAA NOS Center for Coastal Fisheries
and Habitat Research—Personal communication). At
both marshes, the subtidal edge of Spartina occurs
within 1 m of the sill. We studied natural marshes
adjacent to the sills (within 500 m) at each site, and
know of no differences in disturbance history of the
two locations prior to installation of the sills. It is
important to note that some natural marshes likely
have been restored in some capacity, and are not old,
unperturbed marshes (Zheng et al. 2004), although
we do not know the detailed history of each marsh.
The comparison between these and silled marshes is
informative, because sills are a dramatic perturbation,
and a much more recent one.
Surveys
We quantified benthic algal abundance and compo-
sition on natural and silled marshes bimonthly
between January 2007 and April 2008. In each
survey, macroalgae and marsh plants were identified
and percent cover was estimated in 0.5 m2 quadrats at
the low marsh edge. Visual percent cover estimates
have been shown to be a repeatable and efficient
sampling method (Dethier et al. 1993). At each site
on each sampling date, we surveyed three replicate
transects. We made visual estimates of percent cover
of algae, seagrass, and marsh plants. We identified
macroaglae to the lowest taxonomic level possible in
the field (typically, genus) based on morphological
and color traits. We measured microalgal abundance
in the upper 0.5 cm of sediment using chlorophyll a
as a proxy for biomass (Welschmeyer non-acidificat-
ion method). Total benthic algal standing stocks were
estimated by summing an estimate of macroalgal
biomass converted from the percent cover measure-
ments with microalgal biomass estimates.
To test the hypothesis that sills alter the abundance
of macroalgae at the marsh edge, we assessed
patterns of benthic algal biomass in this zone. We
defined the marsh edge as the most seaward quadrat
with [10% cover S. alterniflora. We did not stan-
dardize the sampling by elevation but rather by
proximity to S. alterniflora because we were inter-
ested in the potential interactions between benthic
algae and the seaward edge of the marsh that may be
either growing or eroding. We tested for the effect of
sill, site and time on macroalgal abundance and
richness, benthic microalgal abundance and S. alter-
niflora abundance at the low marsh edge with a linear
mixed effects model that included sill and date as
fixed factors and transects nested within sites as a
random effect. We selected a Gaussian distribution
based on Akaike’s Information Criterion (AICc)
(Burnham and Anderson 2002) and an examination
of residuals. We tested the full model and compared
nested versions using AICc to determine the impor-
tance of different factors using Eq. 1a–c:
Yi ¼ b0 þ b1  sill þ b2  time þ b3  sill  time





























This approach is ideally suited to our spatially
structured sampling data. Equation 1a relates response
variables (e.g., algal cover) to fixed effects using
constants b0, b1, etc., while allowing for random
effects (a0, a1, etc.) among sites (S) and transects
within sites (S|T) with normally distributed errors
(eij * N (0, r
2)). Random effects vary normally, with
potential covariances as described in Eq. 1b and c. The
comparison of nested models that vary in their
inclusion of fixed and random effects is more infor-
mative than a classical ANOVA approach because it
allows us to consider all alternative explanations that
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might be nearly as good as the best explanation (as
determined by effect size estimates, AICc and evidence
ratios), but also to eliminate factors or their interaction
if they do not explain additional variation in algal
cover. In other words, comparison of nested versions of
Eq. 1a allows us to determine (a) which factors modify
algal cover (presence of sill, time of year), and (b) the
quantitative relationship between these factors and
algal responses.
Percent cover data were arcsine square-root trans-
formed to improve normality, and data presented in
figures and text are backtransformed. Algal richness
data were Poisson distributed and analyzed accordingly.
Experiment
To test whether benthic macroalgae influence marsh
grass growth, we manipulated macroalgal abundance
in 1-m2 plots of low, fringing marsh at Pine Knoll
Shores, NC, USA. We tested the effects of macro-
algae on S. alterniflora using two macroalgal treat-
ments: low and high abundance. Initially, we cleared
each plot of all macroalgae and installed cages to
prevent large drift algae from moving in and out of
plots. In low algal abundance treatments, we mim-
icked levels in silled marshes by removing algae by
hand every 2 weeks. High algal abundance treatments
were achieved by adding algae from nearby areas.
Algal additions were normalized to approximately
the 75th percentile of percent cover over a similar
area at a natural marsh at the same time of year. The
amount and composition of macroalgae in the
addition treatments was reassessed and updated
throughout the summer to track seasonal changes
(Table 1). To estimate macroalgal abundance at the
field site, algae were quantified by volume. Water
was gently squeezed from the algae by hand, and
algae were lightly pressed into a graduated cylinder
to measure the volume. Previous sampling had shown
that there is a strong correlation between algal
volume and wet weight (Fig. A1). Consequently,
the exact biomass and cover of algae varied during
the study period to match natural patterns.
Treatments were maintained using square cages
made of 5 mm Vexar mesh anchored to a rebar and
PVC frame. Cages were anchored 10 cm into the
sediment and stood 50 cm tall to exclude grazers and
minimize algal removal by waves. The experiment was
installed on March 17th and ended on August 31st,
2008, spanning the S. alterniflora growing season.
Initial marsh grass abundance consisted exclusively of
S. alterniflora. Average (±se) shoot density (31 ± 1.5
shoots/plot) did not differ among plots (one-way
ANOVA: MS = 38.917, F = 1.054, P = 0.405). S.
alterniflora shoots were young (average height 31.5 ±
1.7 cm, one-way ANOVA: MS = 59.434, F = 1.199,
P = 0.352) and predominantly vegetative propagules
and so were spatially clustered into several groups.
Field cages can cause numerous artifacts that may
interfere with accurate interpretation of results. To
control for such artifacts, we maintained two addi-
tional treatments: a procedural control, and an open
plot. In procedural controls, we set up identical cages
to the manipulation treatments, and we disturbed but
did not remove the macroalgae within the cage. This
treatment controlled for effects of physical distur-
bance associated with removing algae. To control for
the effects of the cage on response variables, we also
observed open, unmanipulated plots at the same site.
Experimental treatments were randomly ordered and
Table 1 Amount and species of macroalgae added to experimental addition treatments during experiment
Date Vol. (ml) Biomass (mg) % Cover Species
Mar 17 434 278 77 Ulva lactuca, Ectocarpus
Apr 23 380 241 69 Ulva lactuca, Ectocarpus
May 14 160 96 31 Ulva lactuca, Ectocarpus
May 22 470 303 84 Ulva lactuca, Ectocarpus
June 11 227 139 43 Gracilaria verrucosa, Ulva lactuca, Hypnea sp., Dictyota sp.
July 1 231 142 44 Ulva lactuca, Gracilaria tickvahae, Codium fragile, Hypnea sp.
July 16 300 187 56 Hypnea sp., G. verrucosa
Aug 14 80 46 17 Dictyota sp.
Biomass (wet weight in mg) and percent cover estimated using equations presented in Fig. A1 (see in Electronic supplementary
material)
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installed at the low marsh edge of a fringing marsh.
To estimate the elevation of experimental plots, we
observed the time the center of each was inundated
on the same tide.
All experimental results were analyzed with a one-
way ANOVA. When necessary, as for proportional data,
results were transformed for analysis and back-
transformed for presentation.
Sampling
We quantified the effects of algal abundance treat-
ments on S. alterniflora abundance and reproductive
traits. S. alterniflora shoot density, height and number
of flowering stems were assessed in the field by
visually counting each shoot in experimental plots.
Above ground biomass (gDW m-2) was estimated by
collecting all shoots from each plot at the end of the
experiment. S. alterniflora belowground biomass
(gDW m-2) was sampled by collecting a
10 9 10 9 10 cm core from each plot at the end of
the experiment. Shoots, roots and rhizomes were
rinsed, dried and weighed. We estimated benthic




At the seaward marsh edge, macroalgal abundance in
natural marshes (mean cover 34.9%) was four times
the level observed in silled marshes (7.49%, Fig. 1).
The correlation between sills and total macroalgal
cover did not vary between the two sites or over time
Fig. 1 Abundance of
primary producers at
seaward marsh edge of
natural and silled marshes at
two sites near Morehead
City, NC. Backtransformed




at natural (filled circles) and
silled (open circles)
marshes at Pine Knoll
Shores (panels a:d), and
Harker’s Island (panels e:h)
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(Table 2). This conclusion is based on the greater
evidence in support of a model for macroalgal cover
that did not require a time fixed effect or site random
effect (Appendix B in Electronic supplementary
material). The absolute abundance of macroalgae
varied throughout the year, ranging from zero to
100% cover (Fig. 1).
At both natural sites, macroalgal richness was
about twice that observed at silled sites (Table 3). At
a finer (quadrat) scale, richness ranged from 0 to 6
taxa/0.5 m2. Comparison of nested models including
site, sill and date indicates that all three factors are
necessary to model algal richness at the scale of
0.5 m2, though their effect sizes are small (Table 2;
Appendix B in Electronic supplementary material).
AICc and evidence ratios indicate that both the full
model and a model without a random effect for site
are plausible, suggesting random site effects are of
low importance in predicting algal richness at the
quadrat scale in this dataset (Appendix B, Table B3 in
Electronic supplementary material).
Microalgal abundance was correlated with site and
sill, but not time (Table 2). Sills were associated with
a reduced mean sediment chlorophyll a concentration
of 90.7 mg/l compared with 99.24 mg/l in natural
marshes. Total benthic algal standing stock at silled
sites was lower than at natural sites (mean ± se:
174.08 ± 62.15 and 305.12 ± 34.44 mg/m2, respec-
tively). Benthic algal biomass also varied with time,
and the magnitude of the sill effect varied among the
two sites (Table 2; Fig. 1). However, the ratio of
macro: micro biomass was correlated with sills but
not with time (Table 2).
S. alterniflora cover did not vary with time, and if
there was an effect of sill it was weak and not
dependent on site (Fig. 1; Appendix B in Electronic
supplementary material). Two models were most
plausible for S. alterniflora cover, and these were
simply the mean of all Spartina cover across all
samples and a model that allowed S. alterniflora
cover to vary with sill as a random effect (Table B6).
Experiment results
Manipulations of macroalgal abundance had no effect
on S. alterniflora density, height, growth or biomass
(Table 4; Fig. 2). Absolute mean final S. alterniflora
shoot density and height were unaltered by macroal-
gal abundance. Macroalgal abundance also did not
influence changes in Spartina shoot density or height
Table 2 Comparison of fixed and random factors in best





Sill Date Sill Site Transect
Macroalgal cover X X
Macroalgal richness X X X X X
Microalgal abundance X X X X
Spartina abundance X X
Marco: micro abundance X X X
Total benthic algal abundance X X X X X
Factors included in the best model as determined by AICc are
indicated with an ‘X’, and full results from model comparisons
are shown in Appendix A (see Electronic supplementary
material)
Table 3 Macroalgal taxa observed at four sites including
marshes with sills at Harker’s Island-Restored (=silled) (HIR)
and Pine Knoll Shores—Restored (PKSR) adjacent to marshes
without sills at Harker’s Island—Natural (HIN) and Pine Knoll
Shores—(Natural PKSN)
Taxon HIN HIR PKSN PKSR
Total taxon richness 16 8 13 6
Agardhiella sp. X X X




Dictyota sp. X X
Ectocarpus sp. X X X X
Enteromorpha sp. X X X X
Gracilaria folifera X X
Gracilaria tikvahiae X X
Gracilaria verrucosa X X X X
Hypnea musciformis X X X
Hypnea cervicornis X
Polysiphonia sp. X
Porphyra umbilicalis X X
Ulva sp. X X X X
Unknown branching red X
Unknown A X X
Unknown B X
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over the course of the growing season (Fig. 2a–b), or
frequency of flowering on August 31st (Fig. 2c).
Comparison of the open plots and procedural controls
revealed no significant cage artifacts on S. alternifl-
ora response variables (Table A1). Accordingly,
analyses are presented for comparisons of addition,
removal and control treatments (Table 4). Benthic
microalgal abundance also did not vary with treat-
ment (Fig. 2f; Table 4).
It is not likely that variation among plots obscured
an effect of algae on S. alterniflora. Tidal elevation
was the same for all treatments (one-way ANOVA:
MS = 1.473, F = 0.639, P = 0.604). Average initial
macroalgal cover was 40.5% (±se: 38.8–43.3%)
across all treatments before manipulation, and did
not differ among treatments (one way ANOVA on
arcsine square root transformed cover data:
MS = 0.014, F = 0.359, P = 0.559).
Total benthic algal biomass was 125 mg/m2 in the
removal treatments, comprising almost exclusively
benthic microalgae. In algal addition treatments, total
benthic algal biomass ranged from 171 mg/m2 in
August to 428 mg/m2 in May. The ratio between
treatments therefore ranged from far less than 1 in
removal treatments to greater than 1 throughout much
of the experiment for the addition treatments
(Table 2).
Discussion
Benthic micro- and macro-algal primary producers
are important in many estuaries and subtidal systems,
contributing primary production, feeding herbivores
and detritivores, regulating carbon and nutrient
turnover and providing shelter (Roman et al. 1990;
Sullivan and Moncreiff 1990; Wilson et al. 1990;
Valiela et al. 1997; Piehler et al. 1998; Sundback and
McGlathery 2005). Across our study sites, rock sills
Table 4 Statistical results for tests of algal abundance treat-
ments on Spartina growth and microalgal abundance (one-way
ANOVA)
Response MS df F P
Change in density 399.08 2 1.188 0.348
Error 335.86 9
Proportion flowering 19.184 2 0.132 0.878
Error 145.128 9
Change in shoot height 46.13 2 0.439 0.658
Error 105.00 9
Above ground biomass 5410.34 2 0.977 0.413
Error 5537.33 9
Below ground biomass 4.444 2 0.328 0.729
Error 13.568 9
Shoot weight (total shoot
biomass/shoot density)
1.653 2 1.300 0.320
Error 1.210 9
Microalgal abundance 252.0 2 0.136 0.875
Error 1859.1 9
Fig. 2 Effects of an experimental manipulation of macroalgal
cover on S. alterniflora mean (±se) a change in shoot density
from Mar 17–Aug 31, b change in shoot height from Mar 17–
Aug 31, c proportion of stems flowering on Aug 31, d above
(large symbols) and below (small symbols) ground biomass,
e shoot weight and f microalgal (Chl a) biomass. Backtrans-
formed means are presented for proportion of stems flowering.
Statistical results in Table 4
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built to retain ‘living shoreline’ restoration projects
are associated with reduced abundance of benthic
algal primary producers at the low marsh edge
(Table 2; Fig. 1). By changing the abundance of
macroalgae in the low marsh zone, sills alter the
composition and structure of primary producers in
this ecologically important area. Potential conse-
quences of decreasing the relative abundance of
macroalgae include changes to the physical and
trophic structure of the community and increasing
total NPP and nutrient sequestration at the sediment
surface (Sundback and McGlathery 2005).
We observed an effect of sills on macroalgal
abundance in the low marsh that persisted throughout
the year (Fig. 1; Table 2). Macroalgal abundance
peaked in the late winter and again in late spring, and
peak abundance at natural sites was as much as five
times greater than at silled marsh edges. This
difference meant that during summer and fall,
macroalgae was absent at the silled sites but persisted
at about 20% cover in the natural marshes. We
detected clear patterns in algal abundance across
silled and natural marshes in adjacent locations. The
sills we studied had been installed for 7 (PKS) and 3
(HI) years, and these two sites had similar macroalgal
abundance despite their difference in age and location
(Fig. 1). This suggests that our observations are not
due to recovery of the flora from the disturbance of
the installation of the sill. The survey method alone,
in the absence of experiments, cannot conclusively
demonstrate that direct or indirect effects of sills are
driving the differences in algal abundance. For
example, we could not consider prior history of
disturbance or other mechanisms as drivers of the
algal patterns. Still, we are aware of no other
differences between the sites and observed no other
potential causes during our 12-month study.
Despite evidence of an effect of sills on benthic algal
cover and richness, there was no effect of sills on the
density, height or flowering of the most seaward
S. alterniflora. In addition, our experiments did not
reveal any indirect effects of sills on S. alterniflora
mediated by algal abundance. We did not compare the
absolute elevation or extent of S. alterniflora low
marsh, so our metrics of S. alterniflora abundance are
not an indicator of whether marshes are persisting,
growing or shrinking over any time period outside the
period of our study. It is quite likely that seaward marsh
edges behind sills are at a higher elevation than natural
marshes, and this elevation difference could be con-
tributing to the differences in algal biomass. But
because the experiment showed no effect of algal
abundance on S. alterniflora growth, it is unlikely that
this difference in algal abundance between silled and
natural marshes affects low marsh growth in these two
habitats.
The absence of an effect of benthic macroalgal
abundance on S. alterniflora is somewhat unexpected.
S. alterniflora growth is nutrient limited (Valiela and
Teal 1974; Anderson and Treshow 1980; Osgood and
Zieman 1993) and macroalgae may enhance S. alter-
niflora growth by naturally capturing water column
nutrients and making them available to the sediments
and growing marsh grass (Boyer and Fong 2005). The
only experiment to test this hypothesis in the field
found that Ascophyllum nodosum facilitated Spartina
growth in Long Island Sound marshes (Gerard 1999).
The potential for low marsh S. alterniflora to be
nutrient limited in Bogue Sound suggested that
macroalgae might facilitate marsh grass growth in
Carolina marshes. However, an alternative explana-
tion could be that in these eroding marsh edges,
previously buried, nutrient rich sediments are being
exposed and nutrient concentrations at the soil
surface could be relatively high.
Restoration efforts that target foundation species
can be an effective way to restore and maintain
ecosystem function (Broome et al. 1988). After the
establishment of a foundation species such as S. alter-
niflora in a restored site, many of the marsh biogeo-
chemical and ecological functions achieve levels of
function comparable to natural systems within a few
years (Simenstad and Thom 1996; Piehler et al. 1998;
Craft et al. 1999; Zheng et al. 2004). However, such
rapid recovery is not always the case (Simenstad and
Thom 1996; Zedler and Callaway 1999). While lower
macroalgal abundance in 3–6 year old silled marshes
in Bogue Sound could be consistent with a time lag of
recovery from the implementation of the restoration
project, the persistent reduced algal cover at silled
marshes is more likely due to fundamental differences
between silled and natural marshes including different
physical structure and hydrodynamic regimes that
deliver propagules, oxygen and nutrients to the low
marsh zone. Additionally, the physical structure at sills
could provide refuges for herbivores, and the absence
of algae near sills during the summer and fall could
reflect increased herbivory.
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Our results suggest that living shorelines alter the
abundance of benthic algal primary producers. This
is a new observation, indicating that the full impact
of sill installation on subtidal and marsh communi-
ties is not understood. Benthic algae are important
primary producers in North Carolina marshes, with a
different ecological role than in other Atlantic
coastal systems. For example, the low nutrient
availability of Bogue Sound is not typical of
estuarine conditions in other regions, suggesting that
even marsh grass in the low zones could be limited
by nitrogen availability. Further, in New England
estuaries, macroalgal blooms resulting from nutrient
enrichment can modify primary production and
nutrient cycling (Valiela et al. 1997; Martins et al.
2007). These blooms do not occur in more southern
coastal systems. Rather, low nutrient inputs and low
residence time in coastal sounds like Bogue Sound
lead to high water quality and a standing stock of
benthic macro- and microalgae for most of the year
(Kapraun and Zechman 1982). In addition, North
Carolina marshes differ from marshes further to the
south where the turbidity reduces light and limits
benthic macroalgal production. In contrast to condi-
tions in southern marshes and the bloom paradigm
developed based on northern marshes, macroalgae in
North Carolina are therefore relatively important
primary producers, and reduction in its abundance
could impact other trophic levels and nutrient
cycling (Sullivan and Moncreiff 1990; Boyer and
Fong 2005; Sundback and McGlathery 2005).
Shoreline stabilization projects are altering the
composition, distribution and abundance of benthic
primary producers at the seaward edge of salt marsh
edges. Though significant change in benthic algal
cover is likely important for many of the juvenile fish
and invertebrates that use the salt marsh and sand flat
habitats and for nutrient cycling, we did not detect an
effect of sills or macroalgae on the density of
cordgrass at the seaward edge of marshes. Therefore,
we conclude that the effects of living shorelines on
benthic algal primary producers at the seaward edge
of salt marshes may not affect their maintenance of
marsh foundation species.
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